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- 2- BACKGROUND OF THE | NVENTI ON A W de vari ety g,f

industrial operations require the use of various process gase
some of these operations, t he process gases may be purchased
and/or stored in bul k 5 gquantities and supplied via a direct
pipeline fromthe ‘8618-241, 5qycer. In many cases, however, the quaMtieeyf
of gas requi red does not war r ant purchaS|ng or storlng t he gases
in bulk quantities. In other ;

in bulk quantities. 10 ' ' ‘ ral [0 |
process gases in bul k quantities, or when a partlcular gas is not
avai |l abl e TRCHldargwentipt i es, the gas is typically supplied in a
pressurized cylinder or tank. As used herein, the term "gas
cylinder” includes cyli mber prasentankyensédnt redtiors tdba comphteuiibieddgas
gases and gases absorbed or contained in nedia inside the cylinder
or tank as wel | as awilindéar wonitoning system and g @rocesst 6Pt matidAring gas
t he gas phase. Such cylinders or tanks can range in size from

5.0 Kg. to 500 Kg. Xddnders. larger. In sone applications a number of
different process 20 gases wWill be supplied in cylinders and these
cyl i nders w Il be placed at various |locations in the manufacturing
facility. For exanple, in the sem conductor fabrication i ndustry, a
vari ety of process gases used for different process steps are
typically supplied in cylinders.

Sheet Has Been R« laced
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- 3- In order to control costs, it is desirable to maintain

on hand only the anount of raw materials, including process gases,
necessary to insure continuity of operations. On the other

hand, unpl anned process shut downs or 5 i nterruptions
resulting fromdepletion of required raw -2- material s can be

extrenely costly nt al operations. Thus, there is a
need for an inprov c@%@@% (5553 TﬁEp IW@W% ain inventory control over
process gases supplled d dd| | nal ly.
nmany process gases are to?%%e Y?££n§%| &f fﬁéhStgla% Ogﬁﬁﬁﬁﬁi %ﬁ?(ﬁQF

raw materials. In sUCh£3389obk process ga-'s%sdesix’i e b2 {:Hégéeoﬁé?ét é’

the correct process gas is utillzed in a given process step.

there is a need fofhe process afadd® e tbd)gsuritdsede andy it Gdd¥ed st etmlk
that has the 15 capability of preventing a cylinder containing the

wWr ong 5 gas dquamnitcigry amd | sppdliedavpar ta cddxectprptpssise efirom the
-4- SUMVARY OF THE | NVENTI ON The present invention
provi des an aut ommﬁw In many cases, however, the quantity of gas
required does not warrant purchasing or storing the gases
in bulk quantities. In other cases, the gases may not be
available in bulk quantities.
10 When it is not desirable to purchase process gases in
bulk quantities, or when a particular gas is not available
in bulk quantities, the gas is typically supplied in a
pressurized cylinder or tank. As used herein, the term
"gas cylinder" includes cylinders and tanks used to store
15 liquified gases and gases absorbed or contained in media
inside the cylinder or tank as well as cylinders or tanks
used to store material in the gas phase. Such cylinders or
tanks can range in size from 5.0 Kg. to 500 Kg. and
larger. In some applications a number of different process
20 gases will be supplied in cylinders and these cylinders
will be placed at various locations in the manufacturing
facility. For example, in the semiconductor fabrication

industry, a variety of process gases used for different

process steps are typically supplied in cylinders.



cylinder nonitoring system The invention includes data * storage

devi ces associated with individual gas cylinders, 5 data read/wite
devices for witing data to, and readi ng data from the gas
cylinder data storage device and a host conput er. Data col |l ected
fromthe gas cylinder data st orage deti ces may be input into the

oSt SOt TOr ot e AR e BoARRo RO 19 PULRISESsan 80 £ paincatn
control col lar prasha B (S, ShE SfFin AP i ialliriate  inclMEY Picess
tank. A pressure ggddest Oheeeais&.@%—i P8 insure cohPEnP!®FSYE Copdribfory! i Nggr
may be included as part of the 1 data storage device. The inventory

control collar inckHdes other hamnd,esi daplannedry pgindedsss Ccahalbiewak or

storing such general i'nventory control information as a collar

i dentificatBon interrupmbers cestitany Jarml dewphdfeion owierramuigrethdraw
site, product code, product material, DOT hazard_classification
20 content fimpterials Care Rei FEETT¥HenCoPEY¥l i Agtgdmental to

fill site and date, and shelf |jfe. i ppi ng i_nfor ion . hat ma

a:so b; st or ed inc?EﬁE%tﬁﬁ?%irI#ﬂﬁ%ﬂfgﬁ (élﬁ% hgneega%gr anﬁBBﬁVVﬁén§¥s§?¥e
q de). shi ppi . o , . , . .

o1 nt (1 hel udi ng coRpRRY it [Heiirory coprrgiidl Bo0ELE adfsl BbpPlea

nunber and produgﬁ,cylinders'

10 Additionally, many process gases are toxic, flammable
or incompatible with othet raw materials. In such cases it
is desirable to insure that only the correct process gas is
utilized in a given process step. Thus there is a need for
an improved gas cylinder monitoring sYstem that has the

1s capability of preventing a cylinder containing the wrong

gas from being utilized in a particular process step.



- 5- destination receiving date and by whom recei ved. Transfer

i_nformati on nay al so be stored and include the transfer poi nt

(i ncl udi ng-conpany nanme and site), manifest nunber, destination
poi nt (including conpany nane and site), order 5 nunber, destination
recei ving data and by whom recei ved. Fhfther, certification data
may be stored and i unber, certifier, analysis and
speci fication .§aﬂﬂ#§¥1g§ THFhé&ﬁggﬁggﬁt menory may al so be used to
record addi ti ongh, JRRULACH | it dtUATRELBRBHEN 47 WRATnackl gas
conditions, process steps and operator notation abiove

l'isted information ayaﬁ%rn%fé@ﬁ%@&uhg siBEeR.i NThe inventhen’ esib08ALsTEAREY
of the inventory control collar. may be desirable in sone cases

to store certain I@EQ&E@%Idﬁv1ces assoulatﬁdrwmﬁh(mndmﬁxaual gas cylinders,
BRI EF DESCRI PTI ON OF THE DRAW NGS ) A nore conpl ete
under st andi g of t ketpr esad/wirdtendeyhces for wrihigngedabd by.rehdrgreding

the foll ow ng Detail ed Descri ption when taken in conjunction with
t he accompanying dsta framamxlia@g%@ﬁélﬁldﬁrkéa%f SFRFRE GRNiSS @Inéi 8ehBEE

K O mtic i SRR S PO e ELOH She cas cylinder AOHEE
storage devices may be input into the host computer for
tracking and reporting purposes.

10 In one embodiment of the invention, the data storage
device associated with an individual cylinder comprises an
inventory control collar placed on the neck of a gas
storage cylinder or tank. A pressure gauge for monitoring
the pressure in the cylinder may be included as part of the

15 data storage device. The inventory control collar includes
a resident memory that is capable of storing such general
inventory control information as a collar identification
number, container serial number, owner name and site,
product code, product material, DOT hazard classification,

20 content fill level, tare weight, content level during use,
fill site and date, and shelf life. Shipping information
that may also be stored includes origin point (including
company name, site and code), shipping manifest number,
shipping date, destination point (including company name

25 and site), destination order number and product,



configuration of the automated gas cylinder nonitoring syst em of

the present invention; 10 FIGURE 2 is a bl ock diagram of the
Circuity for an inventory control probe (data read/wite device)

of the present invention; FIGURE 3 is a bl ock diagram
of a control nodul e and t he docki ng s®ation of the present

i nvention; 15 CFIGURE 4 is g@ flow, chart iIIustr%tin% thf
initialization of SASFLADRRIOR FRIHHRT FBEEaPRERY AR regeived. TTr3RFreE)

of the present inven#égﬁéﬁi%? may also, LORE R4 Sty (O L8 {he cransfer

illustrating the oﬁﬁ € automat ed gas cyl1ndér nonitoring

system of the preséaintZQin }udiﬂb”ﬁHﬂﬁEﬁy name and sitel| GWREi fesf Afmber,
expl oded perspectivVve V|em/|T ustrating an inventory control collar

(data storage devi §gytffigkion pointi MYABLAEYNEG OEdHiEdny it @ndi BYL 85 plowis

a storage cont ai ner, , -7-
FI GURE 6A is a crossmbec) i dastvimwtioin tterdinierg alata and by wlomt rodcedrédr
used in an enbodi ment of the present i nvention; .

FIGURE 7 is a top Duxvhex, t kertaféaabign cslateol may olpe seored apdatinclude

read/ wite device) wused in_connection_wth th ) presen%, )
i nvention: record number, certifier, analysis and specification

limits. The resident memory may also be used to record
additional wmanufacturing information such as upset
10 conditions, process steps and operator notations. All of
the above listed information is not necessarily stored in
the resident memory of the inventory control collar. It
may be desirable in some cases to store certain information

in the host computer.



FIGURES 8 and 9 are partial cut-away views of a portion ‘of an

I.nventory control probe engagi ng the I nventory control collar; 10
FIGURE 10 is a side view of the control nodule and docki ng
station; FIGURE 11 is a top view of a control nodule of the
present invention used in an inventory controb-system FlI GURE
12 is a partial cut-away view of a gas cylinder 15 positioned inside

a cylinder cabi nBRIELiPESRIRFIQHLT THE DRAFANGP| ock feature of the

present invention; and ew o

Byl inder positioned & moze; ferriett siqarskAngip of Yhe PrEFREL yfition

nonitor, a tg.g I te.de e, ‘ggﬁyr Jalk

and 20 mhereln;¥he cyI|ndehg?sqb§§?%%%%ed€8n ?%& ¥éﬁ£5 D ed
connected to a datged ¥ Ghd8Vi&len in covaunctlon.w1th.the accompanying
- 8- DETAI LED SCRIPTICN CF THE DRA As
described I8 great@Frawigicqd lwHeleGW liikeOBeference ch&btdethrerderidtd Neike or
i nvention, the data read/wite device used with the inventory
control collar congpimles gartss througheutt bhy Eogures: col | ar probe. The
probe is placed in contact with an_inventory control collar (data
read/ write de BLERE & ief&Fheaes itr 8hpI%sam %&uﬁéréﬁtl&gt he [general
col l ar.

configuration of the automated gas cylinder monitoring
system of the present invention;

10 FIGURE 2 is a block diagram of the circuity for an
inventory control probe (data read/write device) of the
present invention; _

FIGURE 3 is a block diagram of a control module and
the docking station of the present invention;

15 FIGUORE 4 is a - flow <chart illustrating the
initialization of an inventory control collar (data storage
device) of the present invention;

FIGURE 5 is a flow chart illustrating the operation of

the automated gas cylinder monitoring system of the present

20 invention;

FIGURE 6 is an exploded perspective view illustrating
an inventory control collar ({data storage device} and
inventory control locking ring used with a storage

container;



In this enbodi mrent of the invention, two circunferential ‘pr obe

conductor rings are inbedded in the inventory control 10 col lar and
exposed on the upper surface of the collar. Mor e
specifically, the inventory control collar includes a first
conductive ring exposed on the top of the -7-  collar electrically
connected to a nenory, econd conductive ring.exposed on the
top of the collar that ?gﬂmﬁgf 68 afs8 SFEES iSERTY e Ihi¥Ct %ﬁ%th@ventory
menory. he { nvent,Qry roj . prgbe_| a o tip_and

a first pair of tertr:r?;xrll-%fo%on Og'c%s]f oﬁgg{%e %% olS’Igl t?{f)lﬂ?%#gggt J Qﬁe Bresent
si mul taneously cont agddmgidhe conductive rings of the i nventory
control collar. The probe also includes a body 20 housi ng novably
connected at a first endriaUurREE pEOREtbdpPview of thedip@ehtoiydabarioBnstste
term nal contacts | ocated on a bottom portion of the body housing
and a handl &5 housi nfdata read¢demneet etkaicel sasedd Bmd domnielrd ipnobeibhdythe
housi ng. Data read and witten to the inventory control collar
25 is stored ipresRutreeptdontihe i nventory control probe

-9- until it is_downl oaded to a host conputer systemor used tqg
perform an i ndependent dGtiBHbaded?dh 2 BFSQrQﬁ'ﬁr}&f cut-away o &, O Fy

cxarml e, | INETLOrY AR TS ORI EHSEy  contron” SRS dadbing  the
inventory control collar;
10 FIGURE 10 is a side view of the control module and
docking station;
FIGURE 11 is a top view of a control module of the
present invention used in an inventory control system;
FIGURE 12 is a partial cut-away view of a gas cylinder
15 positioned inside a cylinder «cabinet wutilizing the
interlock feature of the present invention; and
FIGURE 13 is a front view of a gas cylinder positioned
inside a c¢ylinder cabinet including a gas monitor, a
flowmeter, a data read/write device, a pressure gauge and
20 wherein the c¢ylinder is positioned on top of a scale

connected to a data read/write device.



5 criteria such as gas type or quality. Alternatively, in '

still another enbodi nent of the i nvention, the data read/wite
device used with the i nventory control collar conprises an

i nventory control docking station and control nodule for reading
and witing 10 data to and from an ithentory control collar.

The : I nvent Qr co tr king station in Iudes a probe tip and

a fi Ir{’st pai rI of teﬁﬁﬁ}&l Egt P%§€FESBF|‘: h%F r%’% é‘z?"? t

si mul t aneously contacti iy n i nvent or
s %%S%% - Ieitaglegge &eg%f%de *L%ockiflg °he

control collar. |ng S on-a n
station h%‘rl&io'@ﬂm%ﬁ@n%‘%t QD Y: AP RE T '@}?é QQBQUEEQ&/&PleQedQWE@
tip housing and a pair of data transfer term nal confacts di sposed
on the docking statised betlyhhotisd ndriventpigvi dofifirol collar KoapsAisesl OAn
link to an inventory control nodule. 20 The inventory contro
nmodul e for readi ngiavenworyi kgntrol coldlaraptrobend fTremprwbd nvenpbaged in
control docking station i ncludes a control nodul e housing, a pair
of data transfer contacttwikhnal FovRRIRY feantasit selilag tHatdaraad/wniter
term nal contacts on the docklng station m c¢roprocessor and a__25
device) to read data from, and wrifg.data to the colipg.

menory.

present Inventlon,Ihnt%lLu%t odlmengd geghé invention, two circumferential

probe conductor rings are imbedded in the inventory control
10 | collar and exposed on the upper surface of the collar.
More specifically, the inventory control collar
includes a first conductive ring exposed on the top of the
collar electrically connected to a memory, and a second
conductive ring exposed on the top of the collar that is
15 also electrically connected to the memory.
The inventory control probe includes a probe tip and
a first pair of terminal contacts on the probe'tip for
simultaneously contacting the conductive rings of the
inventory control collar. The probe also includes a body
20 housing movably connected at a first end to the probe tip,
a pair of data transfer terminal contacts located on a
bottom portion of the body housing and a handle housing
connected at a second end to the probe body housing.
Data read and written to the inventory control collar

25 is stored in the memory of the inventory control probe



incorporates an interlock systemfor preventing the i nadvert ent
connection of a cylinder of the wong gas at a particul ar | ocation
in the process. In this enbodi nent, 5 gas cylinders are stored in
encl osures such as cabi nets. The cabinets are equi pped with data
read/ wite devices connected to a conProller on each cabinet which

| ocks the cabinet . g ‘éWWIte devi ces and/or the

cabi net c IRt iGt iy iBs ‘B‘P’%Jp‘?%‘g‘? hred ]P‘E)s%(ﬁ%?ﬁu'ccﬁﬁ FYSCE%r PF diFest to
10 type of gas. dgrnativ I h ead wite devi y be

connected to a host® CQ%D BWhggéeﬁén e%ni%¥€ﬁ¥bggh d g OB a pr%%f%ﬂﬂ%%N

access to the cabingl ;ﬁﬂﬂé:)é af 1&gy Idy H@-iebe@ﬂventory 1té?:€§“§nh§;”§9 éé'@épéé’l? or
a c

gas cylinder to be lo ontalns t correct gas:

Wen a gas cylinderrdjedtedead Oéldﬁdrtﬂ&@liﬁelﬁéé)tﬂﬁ‘i based on h@%rdaieilned
read/ wite device is used to read the information stored on the gas
cyl i nder datma st or age eenilac suahsasi gagdtype or qualiryhe particul ar
cylinder, including the particular type of gas stored in the
cylinder. If the cylindédt@sagtagely20 in sgbhi apRotherc Atkadingnt, cPfle the

cabinet controller will not unl ock the cabi net Thus, _t he
cyl i nder nonitoringRvention,qythgm @Aty he e&rde@’gﬁf:el ngéﬁ%Fﬁn uged dé’?e

desirabl e afet

f
consunption rate oﬁng eatur%rol (Vs EEEPW%? ong?aﬁgegﬂgg%?gg$@%§89e

based on the docking station and control module for reading and writing

10 data to and from an inventory control collar. The
inventory control docking station includes a probe tip and
a first pair of terminal contacts on the probe tip for
simultaneously contacting the conductive rings -of the
inventory control collar.

15 The docking station also includes a docking station
housing connected by an electrical conductor to the probe
tip housing and a pair of data transfer terminal contacts
disposed on the docking station body housing for providing
a transmission link to an inventory control module.

20 The inventory control module for reading and writing
data to and from the inventory control docking station
includes a control module housing, a pair of data transfer
terminal contacts for contacting the data transfer terminal
contacts on the docking station microprocessor and a

25 memory.



t hroughput of the process or other factors. In these cases, the

cylinder replacenent cycle may be predicted based upon historica
dat a. However, in other cases, the rate of gas consunption nay be
vari abl e, requiring 5 nonitoring of flowrate, cylinder pressure or
cyl i nder wei ght in order to avoid dep?eting the supply of process

gas and shutting down the operation. ,In such cases it rabl e

i.S desi
to provide for rempte nBRet RIGREVF tHY¥EREIon, In a fUTRREF iﬁmg?gérf‘e?@

prevent unpl anned shutdowns_and reduc Q ne fo
noni t ori ng. 1NCOrPOr Y of gt e,lnﬁ:r?rélﬁgkenﬁgé?rgrgnt %gf t%ggggégieér?\ the

I nventi on, j Qﬁgggééntga%rﬁﬂ lnder 3rak ecpPiied S dpesikibaRedaNatr a
and? ped wth f

scal es Of “ equi ppe | 'ow gauges or pressure gauges.

Qutput signals frogLipe-Stal efofit MINRS BHE prftdsd Nt OIn 1bhis efBddiment,
read/ wite devices for transm ssion to a host conputer for

moni toring. s gas cylihderstaee pseseed imvemtlosuwosn dechisesl ¢abinets.

i nventory managenment, raw materials tracking, and to prevent
downt i me aShecicabddewnst Rreursiwipraf with pgacei cRad Wridcesdeyhres
20 The inventory control system nmay al so be u%i lized to . . lgr ovi de
an interlock to predeRecEed 19 m&CHrIIEOgngach cabingy which lacks fthe

of the aut omated GRELYFY nder T8 EeRA/KE TR (97 T oRPSY SEheCh cotRpL et
invention is programmed 129, ;g phlpfBLEHhALE 28dadeptavndCH | BEFE i cular
repl acenent scheduf'®

10 type of gas. Alternatively, the read/write device may be
connected to a host computer which has been preprogrammed
to -allow access to the cabinet only after it has been
confirmed that the gas cylinder to be loaded contains the
correct gas.

15 When a gas cylinder is to be loaded into the cabinet,
the data read/write device is used to read the information
stored on the gas cylinder data storage device associated
with the particular cylinder, including the particular type
of gas stored in the cylinder. If the cylinder does not

20 contain the correct gas, the cabinet controller will not
unlock the cabinet. Thus, the gas cylinder monitoring
system of the present invention also provides desirable
safety features.

In some applications the consumption rate of a given

25 process gas is constant and predictable based on the



-12- based on information transmtted to the host conputer from

the read/wite device. Referring now to FIGURE 1, the

aut omat ed gas cyl i nder nonitoring systemof the present invention
is schematically 5 illustrated. A plurality of inventory control
collars 100 are accessed with inventoky-control probes 300 for
transm ssion of data to or fromthe inventory control col lars 100.

The inventory contrbPTPREBRYE 366 4 PROFEFH Or other ;FaeLey- by M hbhese
t 800, eith di t.h h | t K..
Chterface 810 At GPREEIvERY, Pt redtacenert 878le el B | Beangpe
be accessed throughbéggdu&&rn historidll &Nt el andyl eiﬁogtﬁgg Qﬁgé%f‘g%le

station 700. nformation regarding a partficular cyli

be retri evege@andogli ?@y%ﬂh@a&r make war kehathens, 82PequiPing
For exanple, the location and contents of a particul ar cyl i nder may
be retrievedsand di sphiayerind hef hddiowcargtig er cylinder B@8spayealsyo dglinder
interfaced with one or nore additional host conmput ers 800" at
renote | ocations, feeigkaniteordar sto avoid deplrtiins fheidupnly &0 process
Referring to FIGURE 2, there is shown a bl ock di agram for the

i nventory control pF¥bEBdEhUng dOrotiecorerafbion. In syghpeasey it is

i ncl udes a internaldgi cr%ﬁproggssor 305, Pgrtt%re%ote tnonitc)rrelcrzlharcgjte %hgcui ts
320 and battery 321%¢FHPMTr 62 pFECESESr g ga
cylinder in order to prevent unplanned shutdowns and reduce

10 the need for operator monitoring.

Therefore, in one embodiment of the present invention,
process gas cylinders are mounted or positioned on scales
and/or equipped with flow gauges or pressure gaudes.
Output signals from the scales or gauges are input into

15 data read/write devices for transmission to a host computer
for monitoring.

Thus, the present invention can be used for inventory
management, raw materials tracking, and to prevent downtime
agsociated with running out of a particular process gas.

20 The inventory control system may also be utilized to
provide an interlock to prevent a cylinder of the wrong
type of gas from being installed at particular location.
Further, the host computer of the automated gas cylinder
monitoring system of the present invention is programmed

25 to calculate and display a cylinder replacement schedule



contains both read only nenory (ROM and random access 25 nenory
(RAM, for exanple a 32K ROM and a 32K RAM  The

- 13- i nventory control probe 300 further includes an RS232
termnal 322 as an interface to a transmssion_link to a host
conputer and term nal 323 as an interface to~&2" transm ssion |ink
to a smart collar 100 qr a snprt tag. 5 . Ref.err.i no I

3, there is shown aﬁF%cRn lgormag%%ﬁ%sf“&tttggn’f?ofrh%ohd%% ecgg%)hgr? P
docking station 70 . The ol nodul e 500 includes an internal
m cr o- processor %he reagégr\%mz?hdg?g‘%ééxarrpl e, 32K ROM and 32K RAM  The

control modul e é@gr}Eﬁﬁ%wiwlmEt er it Ral futmaied Bher Egtentiera
10 transm ssi on Iinll<z to the"network interface 810 and a

repeater 900 for apphlitwirRdgts | bifeghe prfeaetity @flvention is scheahsicahdy
control nodule 500 al so includes term nals as an interface to a
transm ssi o | i nk 539Qusortheddockipigirality of Snwentery®nhinpldeckiiags 100

station term nals 705. The docking 15 station 700_includes _an
RS232 terminal 72%e agccgssed with RGN ISINETCHr BECRSFr arlfi sEPBN
to and from a host ¢conputer . and gn i ntegface netwrk 711 as_a

transm ssi on trapsptsEO8n ARt Hr FOc & r bF T ot IO s FRPFToL

E?g-ns’r?lsssi on i ni(!slcgzﬁtg%t?ggoogggh ggggbgg%@g;&&%%ggbggsl 566 Lgﬂees‘ itleurn
accessed by a host computer 800, either directly or through

10 a local area network interface 810. Alternatively, the
inventory control collars may be accessed through the use
of. a control module 500 and docking station 700.

information regarding a particular cylinder may be
retrieved and displayed on one or more workstations 820.

15 For example, the location and contents of a particular
cylinder may be retrieved and displayed. The host computer
800 may also be interfaced with one or more additional host
computers 800’ at remote locations, for example, at a
suppliers facility.

20 Referring to FIGURE 2, there is shown a block diagram
for the inventory control probe 300. The inventory control
probe 300 includes a internal micro-processor 305, battery
recharge circuit 320 and battery 321. The micro-processor
contains both read only memory (ROM) and random access

25 memory (RAM), for example a 32K ROM and a 32K RAM. The



I nput bar code reader, (not shown) one or nore LEDs, first "~ and

second anal og inputs, a relay output, and a power supply,
respectively. Referring nowto FIGURE 4, there is illustrated
by 25 nmeans of a flow diagramthe operation of the automated gas

-14- cylinder nonitoring systemof thé-present invention. Vhen

an inventory control collar (FIGURES 6 and 6A) is placed
service it is flrsﬂnNﬁFFP§V|ﬁ§$t¥°%aPr%%?tépﬁ further PﬁF&PﬁﬁFldﬁl Rs232

recorded in the nenor

rd
file for the col | aFSi 18Féa?ga %' 8 lntgﬁgag?pggdaiﬁr?HEMﬁﬁgféﬁgﬁbﬁ¥O£° a
800. ~ The informajion compyter I&g&w red4 Bl °3b8 d gegrdlﬂéeﬁﬁae@veegogy

control collar 0 1n |aI|ze C irst entered into
the host COORNRSEsE ShePidir08) -a dihrt collar Imfoow:atal SRavsedalo
create a record of the Inventory control collar in a host conputer
and to initisali ze the Referringohber ta)FIGURRIGE, theéreolikarshown a block
i dentification numnber, cont ai ner serial nunber, owner name and
site, current diagrhocdbirocontreducodudee,50fr ahitdoskting astaDdim h@gar d
15 classification, content fill |evel, tare weight, content

| evel during use, The| controhmedydees 0 @ Hdcdndes lelélternal micro-processor
Control ool | ar | noplfekithe oPFoPRapBiRt o7k koM and iax raw. B! ESRERSLY

module 500 further includes terminals as an interface to a

10 transmission link to the network interface 810 and a

repeater 900 for amplifying transmitted or received

signals. The control module 500 also includes terminals as

an interface to a transmission link 590 to the docking

station 700 via docking station terminals 705. The docking

15 station 700 includes an RS8232 terminal 722 as a

transmission link for data transmission to and from a host

computer and an interface network 711 as a transmission

link to an inventory control collar 100 or a smart tag. As

illustrated, the docking station 700 alsc includes

20 transmission links 724, 725, 726, 727, 728 and 729 for an

input bar code reader, {not shown) one or more LEDs, first

and second analog inputs, a relay output, and a power

supply, respectively.
Referring now to FIGURE 4, there is illustrated by

25 means of a flow diagram the operation of the automated gas



-

the cylinder, manifest nunber, shipping date, destination, 20 -
destination order nunber and product, destination receiving date
and by whomreceived. Certification data may al so be recorded in
the inventory control collar's resident menory, i ncl udi ng anal ysi s
and specification limts. After t¥e desired information is

entered into the host ngyter SOQé f prornatlon required for
initialization ing systém of the presentlgnventlon qﬁen

the collar is dovvnl%?d%ﬁl ﬂ? B-d:® lvfalrt e{Fq%R%% 6 nd GA)( lrﬁprpl,saced

llnéér monl%

1220). As disclos ata read/wite devi ¢&co

the inventory cont rﬂ{td)r%‘?cvagg (ELGURES flrst ini€id)i9Bgt he; dé’Ck' "Eertain
station 700 with a control nodul e 500 (FI GURES 10" and 11) ﬁ1
inventory control pihermi3 @ recorded C(lliiztr(ﬂhen’odidn@r@ﬂo afs tthﬁan collar.
connected or docked (step 1230) to the inventory control collar
and the init$alizatAdgitionally, ianfreoreid or i ler dgasmitthiee ddldteep i 4Hedt@d
t he resident menory 200 (FI GURE 6A) of the inventory control
collar. If 10 anchestopetht dpy ¥t Rest copmanthns 896t befhei rigifarmat iom
t he cylinder, it js then installed and t he cylinder may be

pl aced in storage Fequirsds EpyFERate a record of a‘Fu?‘ﬂY%t‘PPENv CiQPth‘@JIQEléar

the operation of t he |nde nonitaring s en1of t he .present
vent i on i s SRR mirint i SR TR e R S R et f e SR
conprising computer (step 1200).

10 Information used to create a record of the inventory

control cecllar in a host computer and to initialize the
collar may include: the collar identification number,
container serial number, owner name and site, current
location, product c¢ode, product material, DOT hazard
15 classification, content £fill level, tare weight, content
level during use, fill site and date, and shelf 1life.
Additional information that may be used to initialize
an inventory control collar includes the origin point of
the cylinder, manifest number, shipping date, destination,
20 destination order number and product, destination receiving
date and by whom received. Certification data may also be
recorded in the inventory control collar’s resident memory,
including analysis and specification limits.
After the desired information is entered into the host

25 computer 800, the information required for initialization



an inventory control probe 300 or a docking station 700 with a

control nodule 500 is coupled to an inventory control collar
associated with a particular gas cylinder (step 1300). The data
read/wite device accesses the 20 resident nmenory of the inventory
control collar (step 1310) and recotds information stored in

th The f f th ; .
control col | ar 1009% che col?@g PRIt i b SR RO FEF R epevice
pressure, the N OWSF?Bm %# ate %f tcﬂ? IAS, eaa 51: th%h%yldé(}%g rgggl/gg#ge

total 25 cyl i nder "over pres tt Tperi f tine

- 16- the SUBRLY EXGbeiols (ke ClvdiRiry TicHeh0pIBLE0B0G! @FeduRES

in the resident nmenory I nventory control” col |l ar may
al so include the de}t—@)""@?”th@%&dﬁiﬁ@@té’@bﬂ aEio with a cohtkbtdmofihedabe

when the cylinder was placed into service, 5 t he date when the collar
was | ast acgessed kyIigureadiorahé 11). ThedénVeatorheceher¢lIpt@be 300 or
expiration date of the material in the cylinder and t

antici pated date upontwhichodike 500 is th@w Fﬁﬁ@?cwﬁqhon éiqaﬁheé Aéﬁﬁgcé?@m

or refilling. After the i nf or mat gﬁs beercl1r ggorded b

read/ wite device, tPhéhel pinvent iy ceCnEPApalls +3Fh&nS ¢ ?déﬁlt%éﬂbégtl?B

meaws SR s

(step der rep acenen

the read/wite dev| h&fhot9PE0 e IR ERYUGE %in%ﬁ%weﬂontrol collar. If
10 the inventory control collar has not been installed on the
cylinder, it is then installed and the cylinder may be
placed in storage or into service.
Turning now to FIGURE 5, the operation of the gas
cylinder monitoring system of the present invention is
15 further illustrated. A data read/write device comprising
an inventory control probe 300 or a docking station 700
with a control module 500 is coupled to an inventory

control collar associated with a particular gas cylinder

{step 1300). The data read/write device accesses the
20 resident memory of the inventory control collar (step 1310)
and records information stored in the memory. The

information retrieved £rom the inventory control collar 100
may include the cylinder weight, cylinder pressure, the
flow rate of the gas exiting the cylinder and/or the total

25 flow from the cylinder over a preselect period of time or



I nventory control
with the particula
contains the corre
conputer 800 contr
encl osure based up
the read/wite
conmpar ed the recor
stored in the

host conpu
(step 1330). Bas
-17- r ead
.different actions

collar 100 wth preprogrammed data 15 associ ated

r cylinder enclosure to insure that a cylinder

ct type of process gas. Al ternatively, the host
ol s the operation _3%_the particul ar cylinder

on data transmttedto the host conputer from

(J:e(ia S%\ﬁlg’ec\yglle of the cyilifls! h:rn%ﬁeagﬂg unc et A et e

ues to any pr epr ogr lonal i'ties
in t9RVie8idbhe harOrHeE \eeilaueﬁvaheoﬂraa&mféle%alqa@qoo
ter 800, either directly or via a network interface
ethywpabsd hd nddder eded vadtér atidhethe cylinder was last
/wite device, the host conputer initiates a nunber of
(ﬁiﬂimgl,sthp Q840 wihet| thé mylindemeors placed idtiariseedite,

scheduling a cylinder for glacenent Qr refillin ordering a new
cyl i nder, géheratlﬁ@Eadéyﬁlﬂ eR the collareypgcéatht 2ge e as seadguritre
i nformation received, rapspifting an alarmi vent that

process paranetersdeVlce' thﬁa§é ggcg%%% %ﬁﬁﬁ%ﬁqgaﬁﬁ? i 8Ft&Fﬁé&tFHg

that a
r epl acenent (step
the inventory

10

15

20

25

ety DA ML O SRLaRE hoToB0) SRR Sy e
cylinder will require replacement or refilling. After the
information has been recorded by the read/write device, the
device compares the recorded values to preprogrammed
functionalities stored in the read/write device (step
1320). For example, in the case of a cylinder replacement,
the read/write device compares the product data from the
inventory control c¢ollar 100 with preprogrammed data
associated with the particular cylinder enclosure to insure
that a cylinder contains the correct type of process gas.
Alternatively, the host computer 800 controls the operation
of the particular cylinder enclosure based upon data
transmitted to the host computer £from the read/write
device.

After the read/write device has compared the recorded
values to any preprogrammed functionalities stored in the
device, the recorded values are transmitted to the host
computer 800, either directly or via a network interface

(step 1330). Based upon the data received £from the



control collar 100 (data storage device) includes a general ly

cjrcunferential housing 120 defining a central opening 170 for
recei ving the neck 1010 of a gas cylinder 1000. The housing
120 includes a bottom ledge 180 15 Jectlng inwardly into the
central opening 170. An |nventor§ control collar Iocklng ring

pottom 1 e dBet T TREHE, 10 RokEehbnfiy RsEHs Boptdper of
locking ring 10 i Ssggf dﬂﬁ‘e‘lc%rl% f@d duei ! bedpl C16§4d1991§c1891ng1 %gﬂ:o B¢

t he gas cylinder on top of the previously
inventory control g¢ohieealQd, Thenkatking rd N@ylinder £Adk | Seplaedmbatbeor

recei ved on a | ocking surface 110 in the i nventory control collar
100 to secure the refthliny, orderinganinesi oydlihder]08enarahéngtaragbinder
cont ai ner 1000. A 25 plurality of inwardly disposed flexible tabs 16
are equal ly5 replacement M%W upen| hbedénferration véceireed,
central opening 14 for qggenent of the neck 1010 of the gas

cyl i nder ?LB@’@S““I-‘E'CWSF |2ThH & éﬁﬁ‘r &R Bhe £YeRt thRE PrBSe48 PRI

interference fit wth the c der 1010 .upan L nst llat| n . of
the locking ring 1 %%e?xfﬁé ﬁ $ridtda HJ@Bﬁ?%d? r Jifgrting that a

As best illustrate 09%1_ ef%@%e G%éwlgpé%ngff&ncoéé@fage for M&i’&aé‘@@

has a truncated c xterior shape wt
replacement (step 1340).

10 Referring now to FIGURES 6 and 6A, the inventory
control collar 100 (data storage device) includes a
generally circumferential housing 120 defining a central
opening 170 for receiving the neck 1010 of a gas cylinder
1000. The housing 120 includes a bottom ledge 180

15 projecting inwardly into the central opening 170.

An inventory control collar locking ring 10 seats into
a depression 110 in the collar and rests on the bottom
ledge 180. When in use, the inventory control collar
locking ring 10 is positioned around the cylindrical neck

20 1010 of the gas cylinder 1000 and on top of the previously
installed inventory control cellar 100. The locking ring
10 is sized to be received on a locking surface 110 in the
inventory control collar 100 to secure the inventory
control collar 100 on the storage container 1000. A

25 plurality of inwardly disposed flexible tabs 16 are equally



knee 121 projecting fromthe exterior circunference. The 10 knee 121

contains the nmenory 200. A first conductive ring 150 and a second
conductive ring 160 are seated in a groove 130 in the top of the
col l ar housing 120. An insul ating retainer ring 140 is inserted
fromthe top between the first condudfirve ring 150 and the second
conductive ring 15 60. he_conductive rjng 150 beqgins at the knee
121 and ex (RAFEL AXOURE FBAt FRFEYS PD Fe Yo IETEI) Iopering
housi ng 120 and term nates _in_a down-fpr rti 51 at t he _knee
121. Likewi se, the Secord ??%%gi‘%f‘\,%e%?ngﬁgt %tg‘ e Wb Ofak%kéee 937 é:ﬁ’gmléer

extends circunferentyjg |y ;ar qupg {he of that & GAHAM N QQ% 1
and termnates in QRH§VM-E§rngE : abﬁ?%or??%% 161 at the ﬁﬁee %%?. ee%Q
retainer ring 140 heRieRSerence fat thetkneend?lcgndngxtendsck 1010 wupon

circunferentially around the col lar housing 120 and term nates at a
knee cover ¥1 insta(EREGIRE ©f wihehlocskimy medngntiegratdy whéh inkentory

retainer 25 ring 140. The down-turned portions 151 of the

first control collar. -19- conductive

ring 150 is connected to a firsi. contact . term nal (not shown) _of
the menory 200. Sinil aPPyPefhetllustrated)dfnFIGPREPHIHS Helaferis Sedénd

conductive ring 160 is, connect ed to secand_contact t.erm nal _{(not
shown) of the 5 gous&gﬁngﬁo2&6§ a truncateéicona exterior shape w1t£ a

knee 121 projecting from the exterior circumference. The
10 knee 121 contains the memory 200. A first conductive ring
150 and a second conductive ring 160 are seated in a groove
130 in the top of the collar housing 120. An insulating
retainer ring 140 is inserted from the top between the
first conductive ring 150 and the second conductive ring
i5 160. The conductive ring 150 begins at the knee 121 and
extends circumferentially around the top of the collar
housing 120 and terminates in a down-turned portion 151 at
the knee 121. Likewise, the second ring 160 begins at the
knee 121 and extends circumferentially around the top of
20 the collar housing 120 and terminates in a down-turned
portion 161 at the knee 121. The retainer ring 140 begins
at the knee 121 and extends circumferentially around the
collar housing 120 and terminates at a knee cover 141
{FIGURE 6) which is formed integrally with the retainer

25 ring 140. The down-turned portions 151 of the first



Referring now to FIGURES 7-9, there is illustrated a hand- hel d

I nventory control probe 300 (data read/wite device) suitable for
use in connection with the invention. The probe conprises three
general sections: an elongated 10 body section 301, a probe tip 310
attached to a first end of the body~4€&ction, and a handl e 302

renovably attached to , [ he %g%ond end of the body se%%%gn 301. The
probe body copgduetdge30itiths 12 % of PesTIHFHEHo 58S nd 5% hEOR&RAGEe
302 has a [r. ondi.ng h N a e tLp. 310 has )

a correspondi ng hp&%.ﬁégﬁgong°@ Sgg%ﬁ) %f4q%53g%?%nﬁfﬁag?Tatggmf a??%UREée8
and 9 the probe tiRown turnedNgUstion4dP ohel BEcbAMCBLARYCEPL! £LnBr 206 200
is generally "C" shaped. Disposed on the inner side of tﬁe top o

the "C' okohhecpeabeot & psddsisd nebritld At rn@nd1nahoti Bhowh? 8Rdth0
314 for transmtting data to and reading data froma nenory of the
I nventory centrol aembay 200.(Fl GURES 6 and 6A) by contacting the

conductive rings 150 and 160 exposed on the upper surface of the
i nventory control coll aRefgheingrew to FIGUREfHri-%n téerehds" Cllyhspated a

probe tip housing 410 assists in .
- 20- gr as BFH@“BﬁEldsé‘EWFF‘ﬁﬁrﬁ’hé%Q%@- tPFPRE0 308 t {RatavEReg/yrite

control collar 100 dunln? dat.a traQ§n1SS|on tion WitHA%hllLustrgggg.

in FIGURE 7, the i AGSAEGFySkbrtsi toF use in connec ¢ inven

The probe comprises three general sections: an elongated
10 body section 301, a probe tip 310 attached to a first end
of the body section, and a handle 302 removably attached to
the second end of the body section 301. The probe body
section 301 has a corresponding housing 401, the handle 302
has a corresponding housing 402 and the probe tip 310 has
is5 a corresponding housing 410.
As best illustrated in FIGURES 8 and 9 the probe tip
housing 410 of the inventory controcl probe 300 is generally
"C" ghaped. Disposed on the inner side of the top of the
vcn of the probe tip housing 410 are terminal tips 312 and
20 314 for transmitting data to and reading data from a memory
of the inventory control collar 100 (FIGURES 6 and 6A) by
contacting the conductive rings 150 and 160 exposed on the
upper surface of the inventory control collar. The lower

portion of the "C" shaped probe tip housing 410 assists in



probe 300 includes an operating switch (not shown) that is 5

activated by a button 352 di sposed on the top of the housi ng 401
Al so | ocated on the top of the housing 401 are a plurality of LEDs
360, 362 and 364 for indicating various conditions. For exanple,
LED 360 i ndi cates when proper contatt®is achi eved between the

probe tip contacts 10 . 314 and 312 and the coll ar conductor rings 150
hnd 160. graspIRg AR gD FIGUREDS R 610 i o7 WPTCREREY

and read fromthe invent qnt r ol | Lar ' t he

i nventory control iP%EE°g06’ 1%&%%%Fﬁgﬁfﬁyd?%%c%?ﬁaéggggﬁégf _probe tip
310, having term nal tips $32,p0.804 tQ WiRuRkS 7, cSaNdURldneBat NGSndR0L
and 160 exposed on the "upper surtace of the inventory control

collar 100. Data ig.dkansgl tikRdudes an opdFtiy tdve vedndueti ¥RowhNgEhdb0is
and 160 to and fromthe menory 200. FI GURES 10 and 11,
illustrate @ contradeiveskdd b0 aandut@6n 352a dicedogeyl sont itdve 708 Edat the
read/ wite device). The control nodul e 500 and docking station
700 work in concertiousing 4010 pklsoriedatachtan thomaoplohdgydmging 401
"C' shaped col | ar cIiE_710 %see FIGURE 10) is afﬁ%{t of the, docki ng
station for attachemesmtatplutalifyeffolFPeoREPal 3848 1234 fny indigating

TRE e 2 oL A h ! [ S S G 190 i e
proper contact is achieved between the probe tip contacts

10 314 and 312 and the collar conductor rings 150 and 160.
Referring now to FIGURES 8 and 9, data is written and
read from the inventory control collar 100 with the
inventory control probe 300 by concurrently touching the
probe tip 310, having terminal tips 312 and 314 to the
15 conductive rings 150 and 160 exposed on the upper surface
of the inventory control collar 100. Data is transmitted
through the conductive rings 150 and 160 to and from the

memory 200.

FIGURES 10 and 11, illustrate a control module 500 and
20 a docking station 700 ({(data read/write device). The
control module 500 and docking station 700 work in concert
to perform inventory control management. A "C" shaped
collar clip 710 (see FIGURE 10) is a part of the docking

station for attachment to the inventory control collar 100

25 in the same manner as probe tip 310. The collar clip 710



rings 150 and 160 (FI GURE 6A) exposed on the upper surface of the

I nventory control collar 100. The | ower portion of the collar clip
710 aids in securing the collar clip to the 5 i nventory control

collar 100 during data transm ssion. Collar clip 710 includes
an interconnecting line 711 that confetts the collar clip with the

docking station 700. The control gndule 500 i ncl udes, contacgts (not
shown) on the inclufgfsFARTROEE oftf AR nhtt WReh SRIFLS poidi RERIRRELESE s

s aocto 22 oL 8 BSOS g 85 e, gt

the docked positioh "8fe™ 0 ‘Oper
and receive data foam a0 {NENALY SARER! 621400, The 1608x0poft d6h %<

tag (not shown) in Thé sarme nan sel f-contai ned 1 nventory

control probe 300. tRepbdt Bh+ to1i9f 71852ids ilFBechéOng S ld H641ipdteatise
the status of various unctions in the control nodul e.

Tur ni ng nowst 0 Fl GilRredfory heompasiataadliaof i0ledgasng data trghsmiesion.
nonitoring systemof the present invention is further illustrated.
A gas cylinder 1020 is @otlarowkip 10 dmcludes ap| interceapeaeing ohne A1
| ocki ng device 1060 secures the door 1030 of the cylinder  cabinet

in a locked positibhat conne?qﬁJFPﬁgCﬂ%%%ﬁuc%ﬁ@eWéFhoPEQ dopkdngy PFABEPR 700-
that " ContrBRe THRETHRmEERLR 510 P IE GERCRar nio] SRy C9ehe
device 1060. TﬂgusfgéiQQﬁ&meaghQEt &Pt LAIHHT co2k-88ponding contacts
10 disposed on the top of the docking station 700. When in
the docked position, the ‘control module 500 operates to
transmit and receive data from an inventory control‘collar
100 or a data tag (not shown) in the same manner as the
self-contained inventory control probe 300. A plurality of
15 LEDs 560, 562 and 564 indicate the status of wvarious

functions in the control module.

Turning now to FIGURE 12, the operation of the gas
cylinder monitoring system of the present invention is
further illustrated. A gas cylinder 1020 is positioned in

20 a cylinder cabinet 1040. A locking device 1060 secures
the door 1030 of the cylinder cabinet in a locked position
during normal operations. The cylinder cabinet is also
provided with a cylinder cabinet controller 1050 that
controls the operation of the cylinder cabinet locking

25 device 1060. The cylinder cabinet controller also



-22- interfaces with the docking station 700 and the contro
nodul e 500. The control nodule 500 is preprogranmed to permt the
cylinder cabinet controller to actuate the |ocking device 5 and

unl ock the cylinder cabinet for cylinder replacenent only if the
information recorded in the nmenory of the ~22- inventory coIIar 100

I ndi cates that the replacenent, lrnde cont a rrect

Al ternatively, ttﬁ?t riaces %ﬁﬁﬁr%ﬁen%aﬁgep%oﬁ RETOP Zgﬁg et&%ﬂéﬁék
the host 10 yter o300 to determ ne the correct type of process gas
to be used at the pa |c&ﬁar | ocation and all ow t he cabi net to be

unl ocked only if cgpnectgdr-P BaLA¥EHRY Yig0 ﬂe?:lrogrammed t@lbermt the
installed on a cylinder containing the correct ty of gas. 15

. When the cylinder A92Gdeeedsbinehe conplratedretd twdstuate the HeaAisRy tdesrice
supply of gas in the cylinder is depleted, or for sone other
reason, a r®pl acerent wilaakderhe ol ighdiman)cabinet fom tdyldmdenvempdacement
control collar 100 is positioned at a | ocation where the dockin
station 700 can b@rblé’hnef:t &8et dtnfmmatlotnhereq%ﬁ oty thgntmenoropfarthe

100 installed on th pl acement _cyl i nder. Cal.lar clip 710
(FIGURE 10) is inventogy; acRLAFo LAB | HYSH S cdtdttol W | HERIRERERE

DL BCETEN ¢ e e ROTEGL RO SO0 RRILES 4T, e
i nventory CO“trO'daﬂde& mdéuﬂ$esé@phécﬁﬁ%ﬁko§¥hhﬂgﬁrto access the host
-10 computer 800 to determine the correct type of process gas
to be used at the particular location and allow the cabinet
to be unlocked only if connected to an inventory control
collar installed on a cylinder containing the correct type

of gas.

15 When the cylinder 1020 needs to be replaced either
because the supply of gas in the cylinder is depleted, or
for some other reason, a replacement cylinder (not shown)
with an inventory control collar 100 is positioned at a
location where the docking station 700 can be connected to

20 the inventory control collar 100 installed on the
replacement cylinder. Collar clip 710 (FIGURE 10) is
attached to the inventory control collar of the replacement
cylinder and the control module 500 receives data,

including the type of gas contained in the cylinder, from

25 the inventory control collar. If the replacement cylinder



- 23- contains the correct type of gas, the control nodul e 500
interfaces wth the cabinet controller 1050 to allow the cyl i nder
Cabi net 1040 to be opened. If the replacenent cyl i nder does not
contain the correct type of gas, the 5 control nodule 500 will not
al l ow the cabinet controller 1050 te2actuate the | ocking device
1060 to unl ock the ) cylinder cabinet 1040. Additionally, control
nmodul e 500 is contappegFRAMEL ¥RCE At Pt a¥3F m tE t PRRL YDk drPGuler500

th h t he host t 800 in, th t that th [
hrovon LRclen Sepler B0 le svenl il TS I e
L A RO T

cylinder 1020 is i Ohe e cyl er " cabin

wei ght scal£id@dP 4188 68! ©HPAQn Sral eShF ALY, carp! t >
the inventory con ?%%ggco ar 100 to gbn#?%uougﬁgé or§ge : dg%'(khé_
periodical |y transgbhtpel m&GOIsl 6@ wEl DhofaBi sy | thlefabinet contf2 01
i nventory control purposes. Wien the inventory control collar 100
is accessed by an i®®@ntor \aatomtteolthe lockingr dewi8@0 @r60a tontndbcokodihe

500 the weight of the gas 20 cylinder 1020 is transmtted and )
recorded. The weightinder cabinet 14@0 cyPdAdEionaRdy i caapl madydet 5@ i

t he host conputer 800. The host conputer, 800 iscpr%.ranned to
conpare the programmed to cause an alarm, either locally, or through

the host computer 800 in the event that there is an attempt
10 to install a cylinder containing the wrong type of gas at
the particular location.

Referring to FIGURE 12, the gas cylinder 1020 is
positioned in the cylinder cabinet 1040 on top of weight
scale 1070. The scale 1070 is electronically coupled to

15 the inventory control collar 100 to continuously or
periodically transmit and record the weight of a cylinder
1020 for inventory control purposes. When the inventory
control collar 100 is accessed by an inventory control
probe 300 or a control module 500 the weight of the gas
20 cylinder 1020 is transmitted and recorded. The weight of
the cylinder 1020 is then transmitted to the host computer
800. The host computer 800 is programmed to compare the
transmitted weight of the gas c¢ylinder 1020 to a
preselected value, for example the weight of the cylinder

25 when 95% of the gas is depleted, and automatically schedule



transmtted wei ght of the gas cylinder 1020 to a presel ect ed

val ue, for exanple the weight of the cylinder 25 when 95% of the gas
I’s depleted, and automatically schedul e

- 24- the cylinder for replacenent or otherw se indicate that the
cylinder needs to be repl aced. Al ternativet44- the host conput er

800 is preprogrammed to .indjcate to an operator ) t,h%é_rcthe cxl I nder
needs repl acement . ER@IAW T O JgRiafiemeny or ophywissdedicatssthat the

conputer 800 is programed 10 cO t and di.spl the. rate at
which the gas in t?ii%%%d%?eﬂg%npg Be rep%gfﬁg'usep’ H %)ééalhfs?gyan P ear}rlr?"‘f’tn

the event that the : %]sc#% td on: ' |.de

presel ected |im ts(.xgri?ﬁ'&:&Q]'I 800 1s pl')I:l a orrafé?(:j) dg%&%ﬁ%%}e%n%r?t%glﬂztor
system of the 10 ypar RHRSEPLiIHANENHLLRE BLE0ab8REHEES nadkeakndel 9GS Ao
al arm function. As illustrated in FIGJURE 12 gas cylinder cabi net
1040 is equs pped whddtale g0 naeni hast 1dHpwedeacts@ni tal pyogrammed te otphmd-d 0
a control nodul e 500 through a docking station 700. In the event
that the gas noni tand 1dUSpIhy cehss Natee ats whickpridwergas ofn g sl ipdey nis

the cabinet, a signal is transmtted to the control nodul e 500
to transmit a sigriRging used andcyyge P?d%@léﬁﬁp&{le?h%cﬁyer{?pg’iﬁaﬁ:e‘ééﬁv?%@e tHe

signhal, the host conmnuter 8Q0 actjvates an _alarmindicati t he
prgsence of procesEH LT E Cafthets 05881 Sof prﬁ?ﬂ%ﬁ'@e%g‘gﬂ’o GURE

13, process gas fr0n1afﬁ§§ automated gas cylinder monitoring system of the

10 present invention also includes a leak detection and alarm
function. As illustrated in FIGURE 12 gas cylinder cabinet
1040 is equipped with a gas monitor 1045 electronically
coupled to a control module 500 through a docking station
700. In the event that the gas monitor 1045 detects the

15 presence of process gas in the cabinet, a signal is
transmitted to the control module 500 to transmit a signal
to the host computer 800. Upon receiving the signal, the
host computer 800 activates an alarm indicating the
presence of process gas in the cabinet.

20 Turning now to FIGURE 13, process gas from a gas
cylinder 1020 flows through a gas supply line 1080. A
flowmeter 1090 measures the flow rate of the process gas
from the cylinder 1020. The flowmeter 1090 is equipped
with an integrator 1100 to record the total amount of gas

25 flowing from the cylinder during a given time period or



cylinder 1020 flows through a gas supply |line 1080. A f | owret er

1090 neasures the flow rate of the process gas fromthe cylinder
1020. The flowreter 1090 is equi pped with an integrator 1100 to
record the total anount of gas 25 flowing fromthe cylinder during a
given tine period or -25- - 25-

over the supply cycle of the cylinder. The flowpeter 1090 S
el ectronical |y coGedd 88 SHPPAYetY oS Yotteorydorpgr- The flowmsgery1090

ti I [ [ Iy .t it d d th fl f
The process’ gas | Rom At CyHRaLiT G25BARE) 5P =R LAYenzREY, SPRFEPLoRCNEE a
sel ected period Ofloto' gg'cont%nuouslgnfagr &%{%ilﬁ?%&%ﬁ%é&ﬁﬁ%ﬂé (}lec%qld ghe

100 is accessed by n 1nv con a control
modul e 500 the  flow rathO¥erehe Poddie BRACESSmIASe (&AMl 9)0'2'02%%/&920

and/ or the total flow over a selécted period of tinme is
transmtted and reger dettal fIB® N6t ant sebottsed Ipwyilcl &@f time. and/or the
total flow fromthe cylinder 1020 is then transmtted to the host
conput er 800. The host Woenpther inventory @gtial prdgrami®d® tis ecgopasedt hy

i nstantaneous flow rate and/or total flow preselected values, for
exanpl e the 15 an HABENREPEY FPREEM: FTENTs 3PPoRF rat MR Madulse 500 the
parti cul ar process apd the theoretical volunme of . in _the

eyl i nder 3R FO5E St G ICeSs: TP A T 36 e oats ave/or

the total flow over a selected period of time is
10 transmitted and recorded. The instantaneous flow rate
and/or the total flow from the c¢ylinder 1020 is then
transmitted to the host computer 800. The host computer
800 is programmed to compare the instantaneous flow rate
and/or total flow preselected values, for example the
15 predicted instantaneous flow rate based on the particular
process and the theoretical volume of gas in the cylinder.
The host computer is programmed to use the flow rate
information to predict when the supply of gas in the
cylinder will be depleted and automatically schedule the
20 cylinder for refilling or replacement or otherwise indicate
that the cylinder needs to be replaced. .Alternatively, the
host computer 800 1is preprogrammed to indicate to an
operator that the cylinder needs to be replaced or refilled
when the information is transmitted. The control module

25 500 or host computer 800 is also programmed to cause an



information to predict when the supply of gas in the cylinder wll
be depleted and automatically schedule the 20 cylinder for refilling
or replacenent or otherw se indicate that the cylinder needs to be
repl aced. Alternatively, the host coqﬁgfer 800 is preprogranmed to
i ndicate to an operator that the cyli4’ier needs to be replaced or

refilled when the information (s transm,tted. The cantrol nodul e
25 500 or host2t¥putert %OeV§n5I§ba5r5§Fa%h€ﬁ £3tCaldE 1gF cutside of

- 26- alarq}éégfgg%ééuyyhi t the flowrate varies outside of
presel ected limtsy eferring to FIGURE 13, process gas is

supplied from BdeHah Hd Rdeirk029 , t Bresghs agss PPs Yshpte: d988-om

A 5 pressure gauge 1110 reasures the pressure of the process

gas flowi ng from cyhd ngab 1820 nderAs162¢ ushiratigl, & heupply linepresssre A
gauge 1110 is connected to the supply |ine 1080, however, it is
contenpl at esl that prressires qraigge ITENO beeasures thecgueesthew diff adid \pracddmw
gas cylinder 1020. The pressure 10 gauge 1110 is electronically
coupl ed to an invaasofjowing frowmogyrénpdes| 120100 tAS cdhlrAbBasEG. orthe

periodically transmt and record the Ergcess gas ressure.
Wien the invent or PEFRURS SBN9eai11§0 iFs CREESERY by the supply;ling 1p8o.

i nventory control probe 300, or.a control dul 5 t ocess ,gas
pressure is transr#?"leevc?randlt? etBr &é’(ﬁ;templg%eg hat® presdiiit | §5udl O6E3° 1

connected directly to the gas cylinder 1020. The pressure
10 gauge 1110 is electronically coupled to an inventory
control collar 100 to continuously or periodically transmit

and record the process gas pressure.
When the inventory control collar 100 is accessed by
either a inventory control probe 300 or a control module
15 500 the process gas pressure is transmitted and recorded.
The process gas pressure may then be transmitted to host
computer 800. The host computer 800 is programmed to
compare the process gas préssure to a preselected value to
determine whether the cylinder needs to be replaced.
20 Alternatively, the host computer 800 is preprogrammed to
indicate to an operator that the cylinder needs replacement
based upon the process gas pressure. The control module
500 or host computer 800 is also be programmed to cause an
alarm in the event that the process gas pressure varies

25 outside of preselected limits.



The process gas pressure nmay then be transmtted to host conput er

800. The host conputer 800 is programmed to conpare the process

gas pressure to a preselected value to det ermi ne whet her the

cylinder needs to be replaced. 20 Alternatively, the host conmputer 800

is preprogrammed to indicate to an ogérator that the cylinder

needs repl acenent ased upon the prqcess ggﬁ ressure. The contro
r

b
modul e 500 or R&EPOUGRPIREICHHEMROLIMEG LS : HARRPO 1EAFIE 18R
o ea® s _ﬁa@%f Bl PERPSSS 0% PLAESHES 280 SanyAhg _prawih§l 18nd
Al though various eaadi-qBakS; Oft HNePEESERS dﬂéﬁéﬁrﬂé&)gescri té&i%}\/ei gfi’ll be

illustrated in the acconpanyl hg Draw ngs an escri be nt
f oregoi ng Det ai | ed yRgeectBbEONthdtl Whel PBvention URdenstoomidiwdat® the
invention is not limted to the 5 enbodi nents di scl osed but as will be
appreci at ed sby t hogebodimentskditelosaed thee aad witllle henappireotakted by those
susceptible to nuner ous nodi fications and variations w thout
departing f skilild spiritheandrscopgdienf inNentaoentidHn susaemtdiisf t &p

cl ai med. L . )
numerous modifications and wvariations without departing

from the spirit and scope of the invention as hereinafter

claimed.



CLAIMB— W claim 1. An automated gas cylinder

ﬁﬂlntg”mmmnmmmm tﬁgﬁg;{ ZI " st or age mcél:;g ?Lg{ﬁg?ngegns

reS|dent*annny 4nd®a hou3|ng, t he housi ng having a configuration
for mounting to a gas cyllnder -28- " read/wite neans for
accessing information stored in the resident nenory of said data
storage means; and® LAIMS a host conputer for transmitting

i nformation to and receiving i nformation fromthe read/ wite neans.
2. The autonate? §§écéfl ider nonitoring system of claim1l1 further
conprising a scale for generatin iafor or, GeSS

read/ wite neans relatlﬁg toih gutom%ﬁsd g?%htgg%igggilﬁm?ﬁé gaég%y%?382?
3. The automated gagpe¥liipder monitoring system of claim1l further
conprising a fIOM/neter for "generating I nformation for access by

thF_ rgad/ wite means reldatiangtbpage means thentedvtofa gas ¢ybindére ghe data
cyrineer storage means including a resident memory and a housing,
5 the housing having a configuration for mounting to a gas
cylinder;
read/write means for accessing information stored in
the resident memory of said data storage means; and

a host computer for transmitting information to and

10 receiving information from the read/write means.

2. The automated gas cylinder monitoring system of
claim 1 further comprising a scale for gemerating
information for access by the read/write means relating to

the weight of gas in the gas cylinder.

3. The automated gas cylinder monitoring system of
claim 1 further comprising a flow meter for generating
information for access by the read/write means relating to

the flow of gas from the gas cylinder.



-29 -—4+— The automated gas cylinder nonitoring system of

cl ai { I sing a pressure gauge for generating
info ﬁiﬂ aﬂllggﬁs by the read/wite neans relating to t he
pres c On) =contained in the cylinder. 5. The

aut omat ed gas cylinder nonitoring system of =29~ claim1 further

conprising a gas noni tor, for 'ﬂ}%n%ru@:tolmggedl qap cgi%gém#gftgfﬁégac?essts byc.f

the read/ wite neans rel a‘tlng gas from

cylinder. claim & £ulRGedULOHBE£6: OR8% gwels@qﬁfe gﬁﬂgéoféﬁggéi/é}aﬁt”ﬂr@

claim1 further conprising a gas cylinder cabinet, said gas cyl 1 nder

cabi net including aijeedinediGPForObteesansy ey Ii%hd/wrlte hesks NBe TG to
t he cabinet controller coupled to said 5 read/ wite neans for

sel ectively unl ockitle satebsiada ret the gas contained. in Thiee atyivaiead. gas
cylinder nonitoring system of claim 1 wherein the host conputer
I ncl udes a program for generating a cylinder replacenent schedul e

based on information transmtted fromthe re&td/vvrlte nmeans.
- 30- 5. The automated gas cylinder monitoring system of

claim 1 further comprising a gas monitor for generating
information for access by the read/write means relating to

leakage of gas from the gas cylinder.

6. The automated gas cylinder monitoring system of
claim 1 further comprising a gas cylinder cabinet, said gas
cylinder cabinet including a cabinet controller and cabinet
locking means, the cabinet controller coupled to said

5 read/write means for selectively unlocking said cabinet.

7. The automated gas cylinder monitoring system of
claim 1 wherein the host computer includes a program for
generating a cylinder replacement schedule based on

information transmitted from the read/write means.



. The autonmted gas cylinder nonitoring system of claim1l1 wherein
sal F“Hmmm m‘H s for accessing information stored in the
res aid data storage neans conprises docki ng

station neans and control nodul e neans. 9. The
aut omat ed gas cyl i nder nDnltoring system of -30- claim1 wherein said
read/ wite neans for acceSS|ng information stored.in the resident

nengry of said data 8. %r%&ﬁPWﬁﬁﬁﬂ;Qﬁﬁnﬁy¥§§§e§nmPH&EHFbP9 E¥ALEY of
. Th t, ted i nd t

Cystemor — cFAPAPL hnafisneithe SiAa E%%?gﬁ‘z i TR E s ¢ %C%%%S@%%

cylinder further C?HEE&&Q&&%"EE%%X (i%ntt{sl—Pé £0k &%m{m@tgﬁo%r of éé‘:ﬁiu sl

t he resi dent nenor means an I gure attachnent to

the neck of a gas §¥Ek9 & means cocfrlses docking station means and control
- 31- 11. An automated gas cylinder nonitoring system

conprising:s module mé@&h®. st orage neans nounted to a gas cylinder, the
dat a storage neans including a resident nmenory in a housing, the
5 housi ng configured for nounting to a gas cylinder;

read/ wite nmeans for witing data to and readi ng data
9. The automated gas cylinder monitoring system of

claim 1 wherein said read/write means for accessing
information stored in the resident memory of said data

storage means comprises an inventory control probe means.

10. The automated gas cylinder monitoring system of
claim 1 wherein the data storage wmeans mounted to the gas
cylinder further comprises inventory control collar means
including the resident memory means and a housing

5 configured for attachment to the neck of a gas cylinder.



om the resident nD y of said data storage neans; means

for H r Jﬂﬂ”ﬂ relating to the vol une of gas in said gas
cyI| a host computer for transmtting data to and

rece|V|ng data fromthe read/ wite neans. 12. The

automat ed gas cylinder nonitoring systemof -31- claim1l wherein the

means for generating a SI nal relating to the volune of gas in said

cylinder conprises a scatté-fof? aUtomatreé%oH&lSngcY?ﬁénQ\%?gﬂtondftotxﬁélgga§ifisﬁem

the gas cylinder and 5 generating a signal varying therew th.

13. The automated gSS"BFPAREF nonitoring system of claim 11

wherein the means for geﬁsiétéé&%é'&% &Shﬁéé&gco 2233 S)Pﬂﬁcil& V%'htéf”‘éa%

gas in said cylinder conprises a net er i've to th

?L gas IL om the gas sgpkrhgdehear®s includitglgnesddit ?ﬁeﬁxb%ainvzﬂ'}ﬁﬂu&ng,llthe
erew

The automated gas cybusdey sontiguied fystwonmfing to a gabacyilihdekerein

the nmeans for generating a signal relating to the volume of gas in
said cylinder conprises zepdéwsite means forgawgbifgrdatmitwrindg rehding data
pressure of the gas contained in_ 5 t he cylinder and generating a

si gnal varying ther &&Pf@hthe resident memory of said data storage means;
means for generating a signal relating to the volume
of gas in said gas cylinder; and
10 a host computer for transmitting data to and receiving

data from the read/write means.

12, The automated gas cylinder monitoring system of
claim 11 wherein the means for generating a signal relating
to the volume of gas in said cylinder comprises a scale for
recording the weight of the gas in the gas cylinder and

5 generating a signal varying therewith.

13. The automated gas cylinder monitoring system of
claim 11 wherein the means for generating a signal relating
to the wvolume of gas in said cylinder comprises a flow
meter responsive to the flow of gas from the gas cylinder

5 and generating a signal varying therewith.



15.—Fhe—automat ed gas cylinder nonitoring system of claim1l

furth i as nonitor for generating I nformation for
accei&mgnﬁﬁ““umﬂ“m?te nmeans relating to | eakage of the gas from
t he eL. M s * 16. The automated gas cylinder nonitoring
syst em of claim 11 further conprising3&-gas cylinder cabinet, said
gas cylinder cabinet including a cabinet control]er_and . _cabi net £
| ocki ng means, the cabi idt- cGREr BHEERAESEpFRT Fotimder MONLLQring FMRGeTe ©
means for selectively _unlockin sai d cahi_net.. . 17,
The automated gas GHETRI&r %’?ﬁ?)cf? g OFRPET T ge%era%lgﬁa?rﬁ R &Lt l%’ﬁe
host conputer incluyde [ ; i genet ahkng 4 ader

repl acenent scheduIL{:eO %g%egogﬁ&g%é Oéasl’ rﬁnorsr?ét [ og t ransm&tﬂgﬂed f roﬁ tpﬁgssure

read/wite means. ga,qe for monitoring tA8. pléEsard PRItk GRS @onthdeled in
moni toring system i claim 11l wherein said read/ wite neans for

accessing s iUHeOIvAtiinde rs haBedeharahing esi sismaIrenoryingf theirdwdaha
storage neans conpri ses docking station neans and control 5 nodul e
nmeans.

15. The automated gas cylinder monitoring system of
claim 11 further comprising a gas monitor for generating
information for access by the read/write means relating to

leakage of the gas from the cylinder.

16. The automated gas cylinder monitoring system of
claim 11 further comprising a gas cylinder cabinet, said
gas cylinder cabinet including a cabinet controller and
cabinet locking means, the cabinet controller coupled to

5 said read/write means for selectively unlocking said

cabinet.

17. The automated gas cylinder monitoring system of
claim 11 wherein the host computer includes a program for
generating a cylinder replacement schedule based on

information transmitted from the read/write means.



19 Ihe_auLQnated gas-cyl i nder nonitoring system of claim 11

said read/wite nmeans for accessing information stored in
the res‘luﬂﬂlw El”ﬁ“ aid data storage neans conprises inventory
control 20. The aut omated gas cyli nder
moni t ori ng systen1of cl aim 11 wherei m33he data storage neans
associated with the %§% | i nder further_copprises inventory
control collar éans TPRc RHAPRATED r%%?d%%&l?ﬁﬁﬁnﬂpqﬁﬁﬁﬁéﬁﬁufﬂﬁﬁiﬂ g
means 5 config:red f 5 at.t achment tg the ck. .of g qg
-34 - adl et 64 SS% & Hshi P8P Rg %t&ﬁcessmg
conpr i si ng: mfoma@%ﬁ e 20e meaeﬁe mg&agngon?enw, it 1 des, dbhg
dat a storage nmeans conprising an inventory control
including a resi derftorager heahd E@Mﬁtﬂgeﬁodkﬁd:}%ﬁ@%tfa&&on means a@dl %@B@B&
to the neck of a gas cylinder, the housing havi ng a configuration
for coupling to a gasiudgl mades, read/ wite neans for witing
data to and readi ng data fromthe resident nenory of said data
storage neans; and 10 a host computer for transmtting data to

and receiving data fromthe read/wite neans. . .
19 The automated gas cylinder monitoring system of

claim 11 wherein said read/write means €for accessing
information stored in the resident memory of said data

storage means comprises inventory control probe means.

20. The automated gas cylinder monitoring system of
claim 11 wherein the data storage means associated with the
gas cylinder further comprises inventory control collar
means including a resident memory means and housing means

5 configured for attachment to the neck of a gas cylinder.



22. Theautonated gas cylinder nonitoring system of claim21

wher ei ' mmmm means for accessing I nformation stored in
t'he reg‘l\ﬁmﬂ“ a85ai d data storage neans conprises a docking
station anc a'cofltrdl 5 nodul e. 23. The automated gas
cylinder nonitoring system of claim 2B4wherein said read/ wite
means for accessing I nformation stored in the resident nenory of

said data st or agd -nedfs ReHPAIEE GRS nPBALBEST caMnidlopimsbe system
comprising:
data storage means mounted to a gas cylinder, the data
storage means comprising an inventory control collar
5 including a resident memory and housing configured for
attachment to the neck of a gas cylinder, the housing
" having a configuration for coupling to a gas cylinder;
read/write means for writing data to and reading data
from the resident memory of said data storage means; and

10 a host computer for transmitting data to and receiving

data from the read/write means.

22. The automated gas cylinder monitoring system of
claim 21 wherein said read/write means for accessihg
information stored in the resident memory of said data

storage means comprises a docking station and a control

5 module.

23. The automated gas cylinder monitoring system of
claim 21 wherein said read/write wmeans for accessing
information stored in the resident memory of said data

storage means comprises an inventory control probe.



